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$f(x)$ $L^{2}(\mathrm{R})$ . ,
(1.1) $\{\int_{-\infty}^{\infty}|f(|^{2}dx\}1/2\infty<$
. $f(x)$
$f(x)= \iota=\sum_{-\infty}A^{(}\emptyset\iota^{4)}q,l(.x)+\sum_{q}\infty j\infty=l\sum_{=-\infty}B^{(}\infty lj)\psi_{j},\iota^{(X)}$ $\text{ }[]\mathrm{h}$ ,
(1.2)
$f(x)= \sum^{\infty}j=-\infty\iota=-\infty\sum^{\infty}B^{(}\psi\iota j,\iota^{(}j).x).$ ,
(1.3) $A_{l}^{(j)}=2^{j} \int_{-\infty}^{\infty}f(X)\emptyset j,\iota(x)dx$ , $B_{l}^{(j)}=2^{j} \int_{-\infty}^{\infty}f(X)\psi_{j,l}(x)dae$
Wavelet . $A_{l}^{(j)},$ $B_{l}^{(j)}$ Wavelet . $\phi j,\iota(X)$ scaling
, $\psi_{j,l}(X)$ Wavelet . $.\mathrm{W}$avelet , $\psi j,\iota(X)$ $K$
(1.4) $\int_{-\infty}^{\infty}x^{h}\psi_{j},l(\mathrm{t})dx=0$ : $k=0,1,$ $\cdots,$ $K-1$
. , (1.$) $B_{l}^{(j)}$ $f(x)$
, $f(x)$ , $B_{l}^{(j)}$
.
Wavelet ,
(1.5) $A_{h}^{(j+1)}.=.2 \iota=-\infty\sum(ch-2\iota A^{(}).h\iota^{j}+\dot{C}-2lB_{l}\infty l)(j)$
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,(1.6) $A_{h}^{(j-1)}= \sum_{-\infty}^{\infty}c\iota Al=\iota(j)+2h$ , $B_{h}^{(j-1)}= \sum_{-\infty}^{\infty}\dot{c}\iota Al=\iota(j)+2h$
. , Wavelet F ter ,
. (1.6) , (1.5) .
, $f(ae)\in L^{2}(\mathrm{n})$ ,
(1.7) $A_{l}^{(p)}=2^{p} \int_{-\infty}^{\infty}f(ae)\phi p,\iota(X)\cdot dx$ : $l\in \mathrm{Z}$
. , (1.6) , $A^{(j)},$$B^{(}llj$ ) : $j=p-1,$ $p-2,$ $\cdots$
. $\langle$1.3) –
. $\langle$ 1.6) $\text{ }.A_{h’ h}^{(j-}1$) $B^{(}j-1$ ) $A_{h}^{(j)}$ .
,
(1.8) $2^{j} \int_{-\infty}^{\infty}\phi_{j,\iota}(X)dx=1$
(1.3) $A_{l}^{(j)}$ $A_{l}^{(j1)}-$ , { $B_{l}^{(j1)}-$
. $j=p,p-1,$ $\cdots,$ $q$ $A_{\iota^{q}’\iota^{(}}^{()}Bq$ ), $B(q+1\iota),$ $\cdots$ ,
$B_{\iota^{p-}}^{(1)}$ . , $A_{l}^{(p)}$ $2^{p}$ , $A_{l}^{(p)}$
, $A_{l}^{(p)}$ , $2^{q}$ , $A_{l}^{(q)}$ , $2^{p}-2^{q}$
$B_{l}^{(j)}$ . $q(q<p)$ , Wavelet $A_{l}^{(p)}$
, Wavelet .
, $N=2^{p}$ , $f(x)\in L^{2}(\mathrm{R})$ , $f(r/N)$ : $r\in \mathrm{Z}$ .
, (1.7) . , (1.6)
. , (1.7)
(1.9) $A_{l}^{(p}=f() \frac{l}{N})$ : $l\in \mathrm{Z}$
, (1.6) . , Malat [1] ,
. Wavelet
.




Wavelet , Wavelet .
Mallat .
2. Wavelet $\text{ }$ scalng mother wavelet
1 , $f(.x)\in L^{2}(\mathrm{R})$ Wavelet , (1.5)-





$C_{h}\emptyset(2X-k)-$ , $\int_{-\infty}^{\infty}\phi(_{X)}\emptyset(t-m)dX=\delta m,0$
. , $-$ $c_{h}$ .
(2.1) , – ,
$\int_{-\infty}^{\infty}\phi(X)\emptyset(x-m)d_{X}=4\sum_{-}^{\infty}\iota=\infty h\sum_{=-}\infty\infty C_{l^{C_{h}}}\int_{-\infty}^{\infty}\phi(2x-l)\phi(2X-2m-k)dX$
(22)





, $\dot{K}$ , $\psi(x)$ . ,
(2.4) $\psi(x)=2\sum_{\infty h=-}^{\infty}.(-1)^{h}cK_{-}1-h\phi 2(2X-k)$
























(2.10) $\phi_{j,h}(_{X})=\emptyset(2jx-k)$ , $\psi_{j,h}(x)=\psi(2^{j}X-k)$
. (2.1) $-$ , (2.4) ,
(2.11) $\phi_{j,\iota}(X)=2\sum c_{h}\phi j+1,h+2l(x)h=-\infty\infty$ , $\psi j,\iota(X)=2\sum\dot{c}h\phi_{j+}1,h+2l(x)h=-\infty\infty$
. ,




$h_{j}(x)+gj(X)= \sum A^{(j})\emptyset\iota j,l(x)l=-\infty+\iota=-\infty\sum B(j)\psi lj,\iota(X)$
$= \sum_{\iota=-\infty}^{\infty}A^{(}\iota^{j})$ . $2 \sum Ch\phi_{j+1,k}+2\iota(\mathrm{g})+\sum_{\infty h=-\infty\iota=-}^{\infty}B(j)$ .$2 \sum_{\inf y}^{ infty}l\dot{c}_{h}\emptyset j+1,h+2\iota\infty h=-(X)$
$= \sum_{h=-\infty}^{\infty}\{2\sum_{=-\infty}^{\infty}(c_{h}-2\iota A^{(j)}\iota+\dot{c}h-2lB\iota\iota)(j)\}\emptyset j+1,h(x)$
.





(2.16) $h_{p}(x)=h_{q}(X)+p-1 \sum_{j=q}g_{j(x})$ : $q<p$
. ,
(2.17) $h_{p}(x)= \sum_{-\infty}A_{h}(p)\phi p,h(x)=h=\infty\infty\sum_{\infty h=-}A_{h}^{(}q)\emptyset q,h(x)+.\sum_{=jqk=}^{p1}\sum B_{h}(j)\psi j,h(X)-\infty-\infty$
. .
(2.18)
. , $j<j’$ ,
(2.19) $\int_{-\infty}^{\infty}\phi j,l(X)\psi j’,k(x)dx=0$ , $\int_{-\infty}^{\infty}\psi j,\iota(X)\psi j’,k(X)dx=0$
. ,
(2.20)
. , (2.11) ,
$\downarrow A_{h}^{(j)}=2^{j}\int_{-\infty}^{\infty}h_{\mathrm{P}}(_{X)\cdot 2\sum_{\iota}^{\infty}\iota}=-\infty c\phi_{j}+1,\iota+2h(x)dx$
(2.21)
$= \sum_{l=-\infty}^{\infty}c\iota\cdot 2j+1\int_{-\infty}^{\infty}h(x)\phi_{j}+1,\iota+2h(X)d_{X}=\sum^{\infty}p\iota l=-\infty cA\iota+[j+12h)$
. $B_{k}^{(j)}$ . ,
(2.22) $A_{k}^{(j-1)}=:l= \sum_{-}\infty\infty c_{l}A_{\iota}^{(}j)+2k$ , $B_{k}^{(j-1)}=l=- \sum^{\infty}\dot{C}\infty lA_{\iota+2h}(j)$
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. $\langle$ 1.6) .








$A_{h}^{(j)}--2j \int_{-\infty}^{\infty}f(X)\phi_{j,h}(_{X)ae}d$ : $j=p,$ $q$ ,
$B_{h}^{(j)}=2^{j} \int_{-}^{\infty}\infty.df(ae)\psi_{j},h(_{X})x$ : $j=q,$ $q+1,$ $\cdots,p-1$
. , Filter , $c_{h}$ ,
(2.26) $\int_{-\infty}^{\infty}\phi(X)dX=1$ , $\int_{-\infty}^{\infty}x^{l}\psi(X)dae=0$ : $l=0,1,$ $\cdots,$ $K-1$
. , $f(x)$ $+$ , $B_{h}^{(j)}$
. $A_{k}^{(j)}$ , $f(x)$ -.
3. Wavelet Mallat
$f(x)\in L^{2}(\mathrm{B})$ , (2.25) , Wavelet $A_{h}^{(j)},$ $B_{k}^{(}j$ )
Wavelet , , (2.23) , Wavelet
$f(x)$ Wavelet , . , Wavelet
(2.25) .
, $P$ , (2.25) $A_{h}^{(p)}$ . $k$ $f(x)$
, Filter . $j=p,$ $p-1,$ $\cdots$ (2.22)
Wavelet (Fast Algorithm).
, (2.14) .
$f(x)$ , (2.25) $A_{h}^{(p)}$
. $N=2^{p}$ $x=r/N$ : $-\infty<r<\infty$ $f(x)$ ,
, $f(\mathrm{r}/N)$ : $-\infty<r<\infty$ , Mallat $A_{k}^{(p)}$
.
Wavelet fflter Daubechies Filter . (2.26)




. $\phi j,k(X)=\phi(2^{j}X-k)$ ,
(3.2) $\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}[\phi_{j,h}(X)]=\mathrm{s}\mathrm{u}\mathrm{p}\mathrm{p}[\psi_{j},h(X)]=[\frac{k}{2^{j}},$ $\frac{k+2K-1}{2^{j}}]$
. $j$ $\phi_{j,h}(x)$ . ,
(3.3) $2^{j} \int_{-\infty}^{\infty}\phi_{j},k(X)dx=2^{j}\int_{-\infty}^{\infty}\phi(2jx-k)dX=1$
. , $j$ $2^{j}\phi_{j,h}(x)$ Dirac delta
. ,
(3.3) $2^{j} \phi_{j,h}(_{X)(x-}\approx\delta\frac{k}{2^{j}})$
. , $p$ ,
(3.4) $A_{r}^{(p)} \approx\int_{-\infty}^{\infty}f(x)\delta(X-\frac{r}{2^{p}})dX=f(\frac{r}{2^{p}})=f(\frac{r}{N})$
.
, $A^{(p)}$, , (2.22) , (2.2\S )
Wavelet Mallat .
Filter . , Filter
.
, Wavelet , (2.25)
$-$ . $-$ .
$\mathrm{M}\mathrm{a}\mathbb{I}\mathrm{a}\mathrm{t}$ .
4. Wavelet $\text{ }$ scaling wavelet
3 Wavelet .
, Wavelet .
, , Wavelet $\mathrm{M}\mathrm{a}\mathbb{I}\mathrm{a}\mathrm{t}$
$-$ .
, $p$ , $N=2^{p}$ .
[ .1] Wavelet scaling , $\overline{\phi}_{j,k}(r/N)$ : $r\in \mathrm{Z}$
. ,
(4.1) $\overline{\phi}p,h(\frac{\gamma}{N})=\overline{\emptyset}p,0(\frac{r}{N}-\frac{k}{N})=\delta h,$ ’
, $j=p,$ $p-1,$ $\cdots$ ,
(4.2) $\overline{\phi}j-1,0.(\frac{r}{N}.)=2k=\sum^{\infty}$
.






$=2 \sum_{k=-\infty}^{\infty}c_{h}\overline{\emptyset}j,\mathrm{o}(\frac{r-2p-j.2\iota}{N,\wedge}-\frac{k}{2^{j}})=2h=\sum^{\infty}c-\infty h\overline{\phi}_{j}.’ \mathrm{o}(\frac{r}{N}-\frac{k+2l}{2^{j}})$
$=2 \sum_{h=-\infty}^{\infty}c_{h}\overline{\phi_{j.+l(\frac{r}{N}}:}h2)$







[ ] (4.5) .
(4.6)
$\sum_{\tau=-\infty}^{\infty}\overline{\phi}j-1,m(\frac{\prime}{N})\overline{\phi}j-1,n(\frac{r}{N})=,\sum_{=-\infty}^{\infty}2\sum_{-\infty}^{\infty}C_{l}\overline{\phi}j,l+2m(\frac{r}{N})l=\cdot 2\sum k=\infty-\infty c_{k}\overline{\phi}j,k+2n(\frac{r}{N})$
$=4 \sum_{=l-\infty k=-\infty}^{\infty}\sum^{\infty}c_{l^{C_{h}}}=\sum_{r-\infty}^{\infty}\overline{\phi}_{j,m}l+2(\frac{r}{N})\overline{\phi}_{j},h+2n(\frac{\gamma}{N})$
$=4 \sum_{=l-\infty k}^{\infty}\sum^{\infty}clCh\frac{N}{2^{j}}\cdot\delta=-\infty\cdot\iota+2m,h+2n=4\sum_{l=-\infty h}\sum_{=-\infty}^{\infty}$ Clch.$\frac{N}{2^{j}}\cdot\delta\iota,k+2n\infty 2-m$
$=4 \sum_{-\infty}^{\infty}C_{k}h=c_{k2}+n-2m\frac{N}{2^{j}}=\frac{N}{2^{j-1}}\delta_{n-m,0}=\frac{N}{2^{j-1}}\delta_{m,n}$
. , (4.5) .
$[\text{ }.1]$ Wavelet scaling , $\overline{\phi}_{j,h}(r/N)$ : $r\in \mathrm{Z}$
. , $j=p,p-1,$ $\cdots$ ,
(4.7) $\frac{1}{N}\sum_{\tau=-\infty}^{\infty}\overline{\phi}j,m(\frac{r}{N})\overline{\emptyset}j,n(\frac{r}{N})=\frac{1}{2^{j}}\delta_{m,n}$
. , .1 .
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[ ] (4.1) ,
(4.8) $= \sum_{\mathrm{f}-\infty}^{\text{ }}\overline{\phi}p,m(\frac{r}{N})\overline{\emptyset}p,n(\frac{r}{N})=\delta m,\prime S\infty.n,’=\delta_{m,n}$
. .
[ .2] Wavelet $\text{ }$ wavelet , $\overline{\psi}_{j,h}(r/N)$ : $r\in \mathrm{Z}$







. , (2.11) . .
[ $\text{ }.21$ Wavelet $\text{ }$ wavelet , $\overline{\psi}_{j,h}(r/N)$ : $r\in \mathrm{Z}$
. , $j=p-1,$ $p-2,$ $\cdots$ ,
(4.11) $\frac{1}{N}\sum_{r=-\infty}^{\infty}\overline{\psi}j,m(\frac{r}{N})\overline{\psi}_{j,n}(\frac{r}{N})=\frac{1}{2^{j}}\delta_{m,n}$
.
[ ] (4.7) .
[ $\text{ }.31$ . , $j=p-1,$ $p-2,$ $\cdots$ ,
(4.12) $\frac{1}{N}\sum_{\infty r=-}^{\infty}\overline{\phi}_{j},m(\frac{r}{N})\overline{\psi}_{j},n(\frac{r}{N})=0$
(4.13) $\frac{1}{N}\sum_{\tau=-\infty}^{\infty}\overline{\emptyset}j-1,m(\frac{r}{N})\overline{\psi}j,n(\frac{r}{N})=0$ , $\frac{1}{N}\sum_{\tau=-\infty}^{\infty}\overline{\psi}j-1,m(\frac{r}{N})\overline{\psi}j,n(\frac{r}{N})=0$
. , $j<j^{l}$ ,
(4.14) $\frac{1}{N}\sum_{r=-\infty}^{\infty}\overline{\emptyset}j,m(\frac{r}{N})\overline{\psi}_{jn}’,(\frac{r}{N})=0$ , $\frac{1}{N}\sum_{r=-\infty}^{\infty}\overline{\psi}_{j},m(\frac{r}{N})\overline{\psi}j’,n(\frac{r}{N})=0$
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. $(2.\cdot 12)$ ,
(4.15) $\overline{h}_{j}(\frac{r}{N})=\iota=\sum_{\infty-}\overline{A}_{l}^{(j})\overline{\phi}j,\iota(\frac{r}{N})\infty$ , $\overline{g}_{j}(\frac{r}{N})=l=\sum_{-\infty}\overline{B}_{\iota}(j)\overline{\psi}_{j,\iota}(\frac{\gamma}{N})\infty$






$q<p$ , $f( \frac{r}{N})$





. – , $A_{k}^{(p)}$
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